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Anwendung des Ionenaustauschers Cellex P 
zur selektiven Trennung yon MetaUionen. 

Teii II. Trennung von Metallionen in Gegenwart yon Glycin 
als Komplexbildner 

Zusammenfassung.  Die Bedingungen ftir die Trennung fol- 
gender Gemische wurden ausgearbeitet: Cu(II)-Ni(II)- 
Pb(II), Cu(II)-Co(II)-Pb(II), Cu(II)-Ni(II)-Cr(III), Fe(III)- 
ZCu(II)/Ni(II), Fe(III)-ZCu(II)/Co(II). Die Trennungen 
k6nnen auch bei grogen Uberschfissen durchgeffihrt werden, 
z. B. Pb vom 150- bis 175fachen fJberschul3 an Ni, Co, Cu, Cd 
und Zn; Mn vom 100- bis 200fachen fJberschuB an denselben 
Metallen; Fe vom 100- bis 140fachen Uberschul3 an Cu, Ni 
und Co; Pb vom 80- bis 1000fachen fJberschul3 an Cu; Mn 
yore 500- bis 1000fachen Ni-fJberschui3. Das Verfahren 
wurde zur Bestimmung yon Pb, Mn und Fe in Kupferlegie- 
rungen angewendet. 

Summary.  The following mixtures were separated by means 
of the ion-exchanger Cellex P using glycine as complexing 
agent: Cu(II)-Ni(II)-Pb(II), Cu(II)-Co(II)-Pb(II), Cu(II)- 
Ni(II)-Cr(III), Fe(III)-NCu(lI)/Ni(II), Fe(III)-ZCu(II)/ 
Co(II). Metals can also be separated from large excesses of 
others, as e.g., Pb from a 150- to 175-fold exc~s of Ni, Co, 
Cu, Cd, and Zn; Mn from a 100- to 200-fold excess of the 
same metals; Fe from a 100- to 140-fold excess of Cu, Ni 
and Co; Pb from a 80- to 1,000-fold excess ofCu; Mn from a 
500- to 1,000-fold excess of Ni. The method has been applied 
to the determination of Pb, Mn and Fe in copper alloys. 

In the first part of our paper [1] we have shown that a 
considerable differentiation in selectivity of phosphoric ion- 
exchangers may be achieved by using an appropriately chosen 
complexing agent. Glycine (aminoacetic acid) was chosen as 
this agent. An additional factor influencing the ion-exchanger 
selectivity proved to be a change of the medium from aqueous 
to aqueous-acetone. 

In the absence of any complexing agent, as has been 
demonstrated confirming the previously known literature 
data [2-7],  the affinity of a number of metal ions to the 
phosphonic ion-exchanger Cellex P is similar. 

1 Part I: see [1] 
Offprint requests to: K. Brajter 

The difference in metal ion affinities to Cellex P, as 
observed in our static studies in the presence of glycine, 
seemed to be sufficient to enable us to separate mixtures of 
numerous metal ions. 

The aim of this paper has been to confirm the conclusions 
drawn from our studies as to the possible selective separation 
of some metal ions in column processes in the presence of 
glycine. 

Our studies were directed towards the utilization of 
phosphonic ion-exchangers for the separation of metal ion 
mixtures in non-equivalent quantities of components. 

Experimental 

For details about the ion-exchanger, the determination of its 
capacity and the preparation of metal and reagent solutions 
see Part I [1] of this series. 

Dynamic Investigations 

Columns. Columns of 30 cm height and 0.10 cm inner diam- 
eter terminated by Rotaflo cock were used. 

The height of the ion-exchanger bed corresponding to 
samples of 0.5000g and 0.7500g amounted to 4.5cm and 
6.7 cm, respectively. 

In experiments, in which equivalent mixtures were sepa- 
rated [except with Cr(III)], 0.5000 g samples were used. 

In experiments with non-equivalent quantities of metal 
ions the sample weight was either 0.7500 g or more. The flow 
rate in the separation of equivalent components was regulated 
by means of a peristaltic pump, applying the rate of 0.5 ml 
per min. 

Elution Curves. The elution curves were obtained by using a 
collector of fractions and a time counter. 

Procedure for the Separation of Equivalent Mixtures 

1. The following ternary mixtures were separated: (a) Cu-Ni- 
Pb, (b) Cu-Co-Pb, (c) Cu-Ni-Cr. Mixtures as (a) and (c) 
contained 1 mg of each component. The volume of solutions 
brought onto the column for mixtures (a) and (b) amounted 
to 3 ml, pH of the solution was 3.0. 

The quantity of ion-exchanging resin in the column (c) 
amounted to 0.625 g. Separation of mixture (c) required a 
special procedure. To a solution containing Cu(II), Ni(II) and 
Cr(III) 190 mg of exchanger was added. Then 2.3 ml of 0.01 M 
NaOH solution was added, the mixture stirred and heated on 



a magnetic stirrer for 20 min; the pH of the sample brought 
onto the column was 7. 

2. Selective separation of Fe from Cu and Ni (Co) (d) ZCu, 
Ni, (e) SCu, Co. 

The volume of solutions containing mixtures (d) and (e) 
was 3 ml; pH 2.5. 

Mixtures (d) and (e) contained I mg of each component. 
The percent of column saturation in the dynamic process was: 
(a) 8.32%, (b) 8.35%, (c) 11.50%, (d) 11,22%, (e) 11.20%. 

Procedure for the Separation 
of Non-Equivalent Quantities of Elements 

The procedure did not differ from that for equivalent 
separation. In some cases larger samples were used. Also the 
volumes of solutions brought onto the column were larger. 
No pumps were used in these separations. 

A. Separation of slight quantities of Pb(lI) from excess of 
others brought onto the column with 30ml, pH 4.0. 
Exchanger mass 0,5 g. 

B. Separation of slight quantities of Pb(II) from 80, 160, 
305,600~ 1,000-fold excess of Cu(II); solution volumes 10, 15, 
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Fig. 1, Ranges o f p H  for metal ion retention from 100 to 40% in the 
system Cellex P -  metal ion - glycine (25: I : 20) 
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30ml, pH 4.0. Exchanger mass 0.500g. For the 600-fold 
excess the ion-exchanger mass was equal to 1.0 g. 

C. Separation of Mn(II) fi'om an excess of others. Volume 
of solution from 30 to 50ml; pH 9.0; ion-exchanger mass 
0.500 g. 

D. Separation of Fe(IIi) from an excess of others. Volume 
of sample 25 ml, pH 9.0; ion-exchanger mass 0.750 g. 

Analysis of Copper Alloys 

The sample of alloy {2g) was dissolved m 1 + 1 hot HNO3, 
then the solution was evaporated and diluted with double- 
distilled water to 100 ml. 

Five milliliter of the above solution was taken into the 
column and 30 ml of l M glycine (pH 9.00) was added. The 
metal ions were eluted under the conditions given in Table 8. 
The quantity of resin amounted to 3.00 g. 

Results aod Discussion 

The results of static investigations have been utitized for 
determining optimum conditions for the selective separation 
of some metal ions. There is a different retention of a number 
of metal ions at a definite pH-value on the phosphonic ion- 
exchanger in the presence of glycine (Fig, 1). It has been 
assumed that there exists a chance for the separation of those 
metal ions, o fwhich the retention on the io n-exchanger differs 
for a maximum degree at a definite pH-value The separation 
conditions have been established in the following way: from 
static data such pH-values were chosen at which the par- 
ticular metal ion is retained by the ion-exchanger in the 
presence o f glycine for less than 10 %. For quantitative elution 
of a given cation from the column solutions of glycine of just 
that value were applied. The separation should be quami- 
tative when, under these conditions, the other cation is 
retained for more than 90 % in the exchanger phase. Applying 
the above principle of metal ion separation the following 
mixtures have been separated: (a) Cu-Ni-Pb; (b) Cu-Co-Pb; 
(c) Cu-Ni-Cr; (d) Fe-ZCo, Cu; (e) Fe-ZNi, Cu; (f) Pb-ZNi, 
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Table 1. Separation of equivalent amounts of metal ions on Cellex P columns 

Metal No. of Eluent 
ion detns. 

Amount of metal 

Added Found Error 
(rag) (mg) (~)  

F i g .  2 a  C u  2+ 6 
Ni Z + 
pb ~ + 

Fig. 2b Cu 2+ 6 
Co 2 + 
pb 2 + 

Fig. 2c Cu 2 + 6 
Ni 2 + 
Cr 3 + 

C u  2 + 

Ni 2 + 
Fe ~ + 

C u  2 + 

Co 2+ 
Fe 3 + 

0.2M glycine, pH 7.0, V = 100ml 
0.2M glycine (50~ acetone), pH 8.0, V = 100ml 
1 M HNO3, V = 150 ml 

0.2M glycine, pH 7.0, V = 100ml 
0.2M glycine, pH 9.0, V = 100ml 
1M HNO3, V = 150ml 

0.2M glycine, pH 7.0, V = 100ml 
0.2 M glycine (50 ~ acetone), pH 8.0, V = 100 ml 
5ml H20 + 10 drops of NaOH (pH 12) 
+ 10 drops o f 3 0 ~  H20 2 + 100ml 15~ NazS20 8 

0.2 M glycine, pH 9.0, 
V = 100mi 
10~ conc. HCI + 90~ acetone, V = 150ml 

0.2 M glycine, pH 9.0, 
V = 100ml 
10~ conc. HCI + 90~ acetone, V = 150ml 

1.00 1.00 0.00 
1.02 1.02 0.00 
1.00 1.00 0.00 

1.00 1.00 0.00 
1.00 1.00 0.00 
1.00 1.00 0.00 

1.00 1.00 0.00 
1.02 1.02 0.00 

1.00 0.99 -0.99 

1.00 1.00 0.00 
1,02 1.02 0,00 
1.00 0.98 -2.00 

1.00 1.00 0.00 
1.00 1.00 0.00 
1.00 0.97 -3.00 

The elution curves were not included into the number of determinations 

Table 2. Selective separation of Pb from XCu, Cd, Co, Ni, Zn (n for 1 = 5, n for 2 = 4) 

Amount of Pb(II) Pb: XCu, Cd, Co, Ni, Zn Metal ions 
in mixture 

Added Found 
(mg) (rag) 

Amount of metal 

Added Found Error 
(rag) (mg) (~)  

0.25 0.25 1:150 

0.25 0.25 1:175 

1. 

Cu(II) 6.40 6.39 - 0.15 
Cd(II) 11.20 11.17 - 0.30 
CoO0 7.08 7.09 + 0.1 
Ni(II) 7.04 7.02 - 0.3 
Zn(II) 6.60 6.61 + 0.15 

2. 
Cu(II) 7.88 7.88 0.00 
Cd(lI) 13.48 13.44 - 0.3 
Co(II) 7.12 7.10 -0 .3  
Ni(II) 7.04 7.03 - 0.1 
Zn(lI) 7.80 7.80 0.00 

Weighed sample of ion exchanger equal to 0.500 g. 
To the mixture of metal ions, total volume 25 ml, 20 ml of 0.4 M glycine (pH 9.0) was added. ZCu, Cd, Co, Ni, Zn were eluted with 100 ml of 0.2 M 
glycine (pH 9.0), Pb was eluted with 80 ml of 2 M HNO 3, n = number of experiments 

Co, Cu, Cd, Zn ;  (g) Pb-Cu;  (h) M n - N i ;  (i) Mn-XNi ,  Co, Zn, 
Cd, Cu. 

It has been demons t ra ted  that  equivalent  metal  quanti t ies  
(mixtures a - e )  can be separated (cf. Fig. 2, Table  1). A t  the 
same t ime it has been shown that  the system under  study is 
very well suitable for the separa t ion  o f  non-equiva len t  cat ion 
mixtures (Tables 2 -  5). 

Static studies have shown that  a change in med ium causes 
a rise or drop  in re tent ion o f  some metal  ions over  a wider or  
na r rower  range o f  pH-values .  

The fol lowing metal  ions increased their  re tent ion in 
aqueous-ace tone  med ium:  Mn(II ) ,  Fe(III) ,  Pb(II).  They 
were retained more  strongly and over  a wider pH-range .  On  
the o ther  hand,  Ni(II) ,  Cu(I1), Co(II)  were re ta ined more  
weakly and over  a na r rower  pH-range.  D y n a m i c  investi- 
gat ions have, moreover ,  shown that  Pb(II),  Mn(II) ,  Fe(I I I )  

and Cr(III)  ions are no t  easily eluted by means  o f  glycine 
solutions even at higher pH-values ,  at which, according to 
static data, re tent ion was lower. 

Pb(II),  Mn(II) ,  Fe(I I I )  were bet ter  eluted by acid, Cr(III)  
only after having been oxidized to Cr(VI).  These da ta  show 
that  metals  such as Pb(lI) ,  Mn(II) ,  Fe( l I I )  may  be separated 
first o f  all f rom Ni(II) ,  Co(II) ,  Cu(II) ,  Zn(II) ,  Cd(II)  when 
occurr ing in large excesses. Par t iculary so when aqueous-  
acetone solutions of  the eluents were applied. An  addi t ional  
factor  increasing the difficulty in Cr(III)  e lut ion is most  
p robab ly  the kinetic factor.  In the case of  Mn(I I )  there exists 
the probabi l i ty  o f  precipi ta t ing oxides in alkaline media.  

The  assumpt ion  that  exper imental  facts indicate the 
possibil i ty of  the separa t ion  of  non-equiva len t  mixtures  of  
some metal  ions have been conf i rmed in the co lumn process 
by the example  o f  separat ing large excesses o f  a number  of  



Table 3. Selective separation of Pb from weighed excesses of  Cu 
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No. n Amoun t  of  Pb(II) Weighed excess Cu: Pb Amoun t  of  Cu(II) 

Added Found  Error Added Found  Error 
(mg) (mg) ( ~ )  (mg) (mg) ( ~ )  

1 4 0.25 0.251 +0 .4  80:1 20.0 20.0 0.0 
2 3 0.25 0.251 +0 .4  160:1 40.0 40.0 0.0 
3 4 0.25 0.249 - 0 . 4  300:1 75.0 75.0 0.0 
4 4 0.25 0.248 - 0 . 8  600:1 150.0 150.0 0.0 
5 4 0.25 0.250 0.0 t,000:1 250.0 250.0 0.0 

Weighed sample of  ion-exchanger for No. 1, 2, 3 equal to 0.500 g, for No. 4 = 1.000 g, for No. 5 = 2.000 g. 
n = number  of  experiments, 
To the mixture of  metal ions for No. 1,2, 3 20 ml of 0.4 M glycine (pH 9.0), for No. 4, 5 15 ml of  1 M glycine (pH 8.4) was added. Cu(II) for No. 1, 2 was 
eluted with 100 ml, for No. 3, 4, 5 with 120 ml of  0.2 M glycine (pH 9.0). 
Pb was eluted with 80ml  (for No. 1, 2, 3) or 160ml (for No. 4, 5) o f 2 M  HNOa 

Table 4. Selective separation of  Mn from 2~Ni, Cu, Co, Cd, Zn and from weighed excess of  Ni (average of 5 measurements) 

Amoun t  of  Mn(II) Metal ions in mixture Amoun t  of  metal 

Added Found  Error Added Found  Error 
(mg) (rag) (~o) (rag) (rag) ( ~ )  

0.10 0.10 0.00 Ni(II) 10.60 a 10.60 0.0 
Cu(II) I1.60 a 11.59 - 0.1 
Co(II) 10.70" 10.70 0.0 
Cd(II) 20.50 a 20.52 +0.1 
Zn(II) 11.90" 11.91 + 0.1 

0.10 0.10 0.00 Ni(II) 53.00 b 53.00 0.0 

0.10 0.10 0.00 Ni(II) 106.00 ~ 106.00 0.0 

Weighed sample of ion exchanger equal to 0.500 g. 
To the mixture of  metal ions 20 ml of 0.4 M glycine was added and pH 9.0 was established in the sample. 
Ni or ZNi, Cu, Cd, Zn were eluted with 100 ml of  0.2 M glycine (pH 9.0). Mn  was eluted with 100 ml of 2 M HC1. 
" = weighed excesses of  metal ions are N i : M n  = 106, C u : M n  = 116, Co: Mn = 107, Cd: Mn = 205, Z n : M n  = 119, 
= 530. ~ = weighed excess of  N i : M n  = 1,060 

b = weighed excess o f N i : M n  

Table5. Selective separation of Fe from ZCu, Ni, Co (average of 4 measurements) 

Amoun t  of  Fe(III) Metal ions in mixture Amoun t  of  metal 

Added Found  Error Added Found  
(mg) (mg) ( ~ )  (mg) (rag) 

Error 
(%) 

1.  

0.02 0.02 0.0 Cu(II) 2.8 2.8 
Ni(II) 2.0 2.0 
Co(II) 2.2 2.2 

2. 
0.02 0.019 - 5.0 Cu(II) 2.8 2.67 

Ni(II) 2.0 1.97 
Co(II) 2.2 2.2 

3. 
0.02 0.018 - 10.0 Cu(II) 2.8 2.65 

Ni(II) 2.0 1.97 
Co(lI) 2.2 2.2 

0.0 
0.0 
0.0 

- 4 . 8  
- 1 . 4  

0.0 

- 5 . 4  
- 1 . 4  

0.0 

Weighed sample of  ion exchanger equal to 0.750 g for No. 1, 0.500 g for No. 2, 3. 
To the mixture of  metal ions 20 ml of  0.4 M glycine (pH 9.0) was added. 
ZCu, Ni, Co was eluted with: 100ml (for No. 3), 120ml (for No. 2) and 140ml (for No. 1) of  0 .2M glycine (pH 9.0). 
Fe was eluted with 150 ml (for No. 3) and 180 ml (for No. l ,  2) of  solution of 10 ~o of  cone. HCI + 90 ~ of acetone 
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Table 6. Influence of the amount of the ion-exchanger Cellex P on the 
percent of elution of Pb(II). Weighed ratio of Cu(I1): Pb(II) amounted to 
600:1, 1,000:1 

Weighed sample ofthe %elution of Pb(II) Cn(II):Pb(II) 
ion exchanger (g) 

0.500 49.3" 600:1 
0.750 78.3 a 
1.000 100.0 
1.250 100.0 
1.500 100.0 

0.500 22.9" 
0.750 47.7" 
1.000 74.2 ~ 
1.250 84.4" 
1.500 89.1 ~ 
2.000 100.0 

1,O00:t 

" Pb(II) was present in Cu(II) fraction 

Table 7. Influence of the amount of the ion-exchanger Cellex P on the 
percent ofelution of Fe(III). Weighed ratio of ZCu, Co, Ni: Fe amounted 
to 350:1 

Weighed sample of the ion-exchanger % elution of Fe(III) 
(g) 

0.500 83.6 a 
0.750 100.0 

a Fe(III) was present in the first fraction 

metals  f rom slight quant i t ies  o f  Pb(II)  and Mn(II) .  Large 
excesses of  Cu(II),  Ni(II) ,  Co(II) ,  Zn(II)  and Cd(II)  have been 
separa ted  (Tables 2 -  5). 

F r o m  the analytical  po in t  of  view the selective separa t ion  
o f  small amount s  o f P b ,  M n  and Fe f rom a large excess o f  the 
o ther  metal  ions, especially Cu(II) ,  m a y  be o f  pract ical  
impor tance .  We appl ied that  principle to the separa t ion  o f  
these meta l  ions in the analysis o f  copper  alloys (Table 8). 

An  essential conclusion fol lowing f rom our  studies is the 
possibil i ty of  an a lmos t  ideal t ransfer  o f  condi t ions  o f  
separat ing metal  ions as established in static studies to the 
dynamic  process. This concerns bo th  the ion-exchanger  
samples and the p H  of  glycine solutions used as eluents. 

In the co lmnn process ion-exchanger  samples were used of  
an a m o u n t  equal  to that  used in static studies in case of  
equivalent  mixtures.  In non-equ iva len t  mixtures  the samples 
of  resin were somewhat  larger. In Tables  6 and 7 results are 
given which conf i rmed that  the quant i ta t ive  separa t ion  o f  
non-equiva len t  mixtures  o f  metal  ions may  be achieved under  
the condi t ion  that  the a m o u n t  o f  the ion-exchange resin was 
large enough.  It has been conf i rmed exper imenta l ly  that  the 
p H  cor responding  to the lowest  re tent ion o f  metal  ions in 
static processes is that  p H  value at which the par t icular  cat ion 
is quant i ta t ive ly  eluted f rom the column.  At  the same pH-  
value of  glycine solutions at which cations are strongly 
re ta ined by the ion-exchanger  in a static process, they are also 
strongly retained in a dynamic  process. 

When  aqueous-ace tone  solutions were used as eluents in 
the dynamic  process, it has been found  that  the appropr ia te  
e lut ion curves are very sharp, and the par t icular  e lement  is 
eluted with a smaller vo lume  ofe luent .  It has been established 
that  the above  is par t icular ly  advan tageous  in the case o f  
Ni(I I )  elution. 

The  m e t h o d  of  separa t ion  o f  some metal  ions was applied 
to the analysis of  copper  alloys (Tab. 8). The results obta ined 

Table 8. Analysis of the Cu alloys 

Nominal Found Separation conditions 

1. Cu 62.94% Pb 1.42 • 0% a 
Zn 35.57% 
Pb 1.42~ 
others 0.076 

2. Cu 68.1 ~ Fe 0 .04•  
Zn 31.86% 
Fe 0.04~ 

3. Cu 85.1 ~ Mn 12.3• a 
Mn 12.3 % 
Ni 2.6~ 

4. Cu 63 ~ Pb 0.073 • 0.000 ~a 
Zn the rest Fe 0.062 • 0.000 ~a 
Pb 0.07 
Fe 0.06 % 

Into the column was introduced the alloy sample equal to 0.0025 g in a volume of 25 m1 of 
solution containing 20 ml of 0.2 M glycine at pH 3.0; 
Cu(II), Zn(II) were eluted with 120 ml of 0.2 M glycine at pH 9.0, Pb(II) was eluted with 
80 ml of 2 M HNO3; weighed sample of ion-exchanger was 0.500 g 

Into the column was introduced the alloy sample equal to 0.005 g in a volume of 25 ml of 
solution containing 20ml of 1 M glycine at pH 8.0; 
Cu(II), Zn(II) were eluted with 120 ml of 0.2 M glycine at pH 9.0, Fe(III) was eluted with 
180 ml of 10 % conc. HCI + 90 ~ acetone; weighed sample of ion-exchanger was 1.000 g 

Into the column was introduced the alloy sample equal to 0.005 g in a volume of 25 ml of 
solution containing 20 ml of 0.4 M glycine at pH 9.0; 
Cu(II), Ni(II) were eluted with 100 ml of 0.2 M glycine at pH 9.0, Mn(II) was eluted with 
100 ml of 2 M HC1; weighed sample of ion-exchanger was 0.500 g 

Into the column was introduced the alloy sample equal to 0.010 g in a volume of 12ml of 
solution containing 7ml of I M glycine at pH 6.0; 
Cu(lI), Zn(II) were eluted with 30 ml of 1 M glycine at pH 9.0 Pb(I1) was eluted with 250 ml of 
2 M HNO3 ; 
Fe(III) was eluted with 200 ml of 10 % conc. HC1 + 90 ~ acetone; weighed sample of ion- 
exchanger was 2.000 g 

a Mean and range (95 ~ confidence limits). Diameter of the columns was 10mm, number of experiments was 4 



have confirmed the high usefulness of the system phosphonic 
ion-exchanger-glycine for the separation of metal ions in 
equivalent and non-equivalent amounts. 

It should be emphasized that the very little amount  of 
resin taken into the column is thought to be a great advantage 
of the phosphonic cellulose ion-exchanger. 
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